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ROTOR AND GYROCOPTER WITH SAID ROTOR 




FIELD OF THE INVENTION 



[0001] The present invention relates to a rotor and to a rotorcraft, in particular a 
helicopter, having such a rotor. 



DESCRIPTION OF RELATED ART 



[0002] The lift-generating rotor blades of a rotor for a rotorcraft, in particular a 
helicopter, are deflected in various directions during continuous rotor operation, in particular 
by flapwise and lead-lag motions, and heavily stressed as a result. Rotor blades nowadays are 
manufactured predominantly from fiber composite materials. 



[0003] In a bearingless rotor according to the existing art, as shown in FIG. 14, 
bearingless rotor blades are mounted on the rotor head usually via a rotor-head plate. The 
rotor-head plate has rotor-head-side blade connectors, embodied in accordance with the 
number of rotor blades, that are each joined to a structural element of a rotor blade. This 
structural element 142 is embodied, at a radially inner (with reference to the rotor disc) end of 
the rotor blade, i.e. the end facing toward the rotor head, with a rotor-head-side blade 
connector 144 that makes possible a connection to the rotor head. The transition from this 
blade connector 144 to the lift-generating rotor-blade regions is embodied as a blade neck 
146. Structural element 142 transfers the drive torque from a rotor mast and the rotor head to 
the rotor blade. Structural element 142 furthermore transfers the centrifugal forces of the 
rotor blade to the rotor head. To allow structural element 142 to be separately fabricated and 
replaced in the event of damage, a separate disconnect point is often incorporated between 
structural element 142 and the rotor blade. The lift-generating rotor-blade region extends 
from this disconnect point to the outermost end, i.e. the blade tip, of the rotor blade. Serving 
as the disconnect point are, for example, at least two respective bolts that engage on the 
blade-end and rotor-head-side blade connectors. In FIG. 14, the rotor blade in the rotor-blade- 
side blade connector 144 is connected to the rotor head via two bolts 148. The centrifugal 
forces and the lead-lag moment are discharged via bolts 148. The flapping moment is also 
discharged via these bolts 148, usually assisted by an upper and a lower contact surface of 
structural element 142 on the rotor-head plate. 
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[0004] Blade neck 146 of structural element 142 of a bearingless rotor blade, which in the 
present technical field is also referred to as a flex beam and is enclosed by a so-called control 
bag 150, usually possesses a lead-lag-soft region that permits motions of the rotor blade in 
the lead-lag direction. The lead-lag-soft region thus constitutes a fictitious vertically oriented 
axis (also called a virtual lead-lag hinge) about which the rotor blade executes forward and 
backward lead- lag motions. In addition, blade neck 146 of structural element 142 usually has 
a flapwise-soft region that enables flapping of the blade in the vertical direction. The 
flapwise-soft region thus constitutes a fictitious horizontally oriented axis (also called a 
virtual flapping hinge) about which the rotor blade executes upward and downward flapwise 
motions. The distance between the virtual flapping hinge and the rotor axis of the rotor mast 
is referred to as the flapping hinge distance. 

[0005] In a bearingless rotor, this flapping hinge distance is relatively large. The flapping 
hinge distance is, for example, approximately 8 to 12% of the rotor-disc radius, measured 
from the rotor axis of the rotor mast radially outward to the blade tip. A large flapping hinge 
distance in a bearingless rotor results, during operation, on the one hand in good helicopter 
control response and maneuverability, but on the other hand, in particular, in a high natural 
flapping frequency. This relative high natural flapping frequency, and the vibrations that 
result therefrom in the bearingless rotor, are disadvantageous in terms of the helicopter's 
flying characteristics, and lead to large stresses on blade connector 144 and blade neck 146. 
Blade connector 144 and blade neck 146 must therefore have correspondingly large 
dimensions in order to withstand the stress that occurs. In conventional helicopter rotors, a 
low natural flapping and lead-lag frequency is desirable for these reasons. 

[0006] Because of the large stresses on the rotor blade in a bearingless rotor, and the 
strength of those components that must therefore be ensured, it is extremely difficult to 
reduce the flapping hinge distance or decrease it below a specific value. In conventional 
bearingless rotors, a small flapping hinge distance would considerably reduce the durability 
and service life of the rotor blade in question, which of course is disadvantageous or even 
hazardous. On the other hand, however, a small flapping hinge distance would be desirable 
for a variety of applications, since helicopters having such rotor blades are generally 
perceived by pilots, crew members, and passengers as being more comfortable. 
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[0007] In special rotors, for example tilting rotors (so-called tiltrotors) of tiltrotor 
helicopters or aircraft, a particularly lead-lag-stiff rotor is required for various reasons. 

SUMMARY OF THE INVENTION 

[0008] The object and technical problem on which the invention is based is that of 
creating a rotor for a rotorcraft, which rotor ensures improved flying properties, greater flying 
comfort, and greater safety and reliability, and is also suitable in at least one embodiment as a 
tilting rotor for a tiltrotor rotorcraft. A rotorcraft having such a rotor is also to be made 
available. 

[0009] This object is achieved by a rotor according to the present invention having the 
features of Claim 1. 

[0010] This rotor encompasses at least one rotor blade connectable to a rotor head, which 
rotor blade possesses a blade neck having a virtual flapping hinge in the form of a flexurally 
soft, flexurally elastic blade-neck portion, there being provided, in a blade-connector region 
of the blade neck, two auxiliary flapping hinges, spaced apart from one another in the radial 
longitudinal direction of the rotor blade with reference to a rotor radius, between which the 
virtual flapping hinge is substantially disposed and between which the blade neck is 
deformable in flexurally elastic and curved fashion, or additionally deformable, in the context 
of a flapwise motion. Depending on the configuration of the blade neck, the latter can have a 
symmetrical or asymmetrical flexion line. 

[0011] The axes or apparent axes of the auxiliary flapping hinges preferably extend 
substantially parallel to the structural or natural flapwise axis of the rotor blade. In other 
words, the axes of the auxiliary flapping hinges preferably extend substantially parallel to the 
flapwise axis formed by the virtual flapping hinge. The two auxiliary flapping hinges form a 
kind of two-point bearing that supports the blade neck, in articulated or apparently articulated 
fashion, at two locations spaced apart from one another in the radial direction of the rotor 
blade. The auxiliary flapping hinges can be embodied at least partially in a differential design 
and/or as an integral component of the rotor blade and/or the rotor head or its components. 
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[0012] The manner of achieving the object of the present invention allows the provision 
of a rotor, in particular a so-called hingeless and bearingless rotor, in which the rotor blade or 
blades can be connected to the rotor head or rotor mast in flexurally soft fashion and with a 
small virtual flapping hinge distance that is considerably reduced as compared with 
previously known bearingless rotors. It is possible as a result to improve the flying properties 
of a rotorcraft equipped with such a rotor, and considerably to increase flying comfort. 

[0013] The rotor according to the present invention furthermore exhibits less vibration 
than conventional bearingless rotors, which in turn has a positive effect on the flying 
properties and comfort of the rotorcraft and reduces loads on the blade connector and blade 
neck of a particular rotor blade. It is therefore not necessary to make the dimensions of the 
blade-connector region of the rotor blade as large as in the case of a conventional bearingless 
rotor blade, since the forces and moments that occur can be transferred more advantageously 
and more favorably. The weight of the rotor blade, and hence in turn the total weight of the 
rotor, can consequently be reduced. 

[0014] The two auxiliary flapping hinges, which, as will be explained in even further 
detail below, can also perform load-discharging functions and thereby ensure redundancy, 
furthermore greatly reduce the probability of malfunction and failure in the rotor according to 
the present invention. A fail-safe design can thus be implemented for the rotor. Despite the 
small flapping hinge distance, the rotor according to the present invention possesses excellent 
durability and service life. In contrast to the existing art, moreover, a separate disconnect 
point between the blade connector and the rotor blade is not necessary. The rotor concept 
according to the present invention can be implemented for rotors having one or more rotor 
blades and an even or odd number of rotor blades. 

[0015] Because it can be embodied both with a small flapping hinge distance and, if 
necessary, with very lead-lag-stiff rotor blades, the rotor according to the present invention is 
very advantageous in particular for tiltrotor rotorcraft. This is because in a tilting rotor, the 
virtual flapping hinge must be disposed as centrally as possible, i.e. the flapping hinge 
distance should ideally be 0%. This requirement can be entirely met by the rotor according to 
the present invention. Only in this fashion can the lead-lag deformations that otherwise occur 
upon flapping of the rotor blade as a result of Coriolis forces be avoided. With a lead-lag-stiff 
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rotor design and undiminished Coriolis forces, on the other hand, it might become impossible 
to guarantee rotor strength. 

[0016] Further preferred and advantageous embodiment features of the rotor according to 
the present invention are the subject matter of the dependent Claims 2 to 32. 

[0017] The underlying object of the invention is furthermore achieved by a rotorcraft 
according to the present invention having the features of Claim 33. 

[0018] This rotorcraft possesses substantially the same advantages that have already been 
described in conjunction with the rotor according to the present invention. In particular, this 
rotorcraft can be embodied in particularly advantageous fashion as a tiltrotor helicopter. 

[0019] Preferred exemplifying embodiments of the invention, with additional 
configuration details and further advantages, are described in more detail and explained 
below with reference to the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] In the Figures: 

[0021] FIG. 1 is a schematic perspective plan view of a rotor according to the present 
invention in accordance with a first embodiment; 

[0022] FIG. 2 is a schematic, greatly simplified side view of the rotor of FIG. 1 depicting 
a single rotor blade, the apparent flapping hinge distance being equal to zero; 

[0023] FIG. 2a is a depiction analogous to FIG. 2, for an apparent flapping hinge distance 
less than zero; 

[0024] FIG. 2b is a depiction analogous to FIG. 2, for a small apparent flapping hinge 
distance greater than zero; 
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[0025] FIG. 3 is a schematic perspective plan view of a rotor according to the present 
invention in accordance with a second embodiment; 

[0026] FIG. 4 is a schematic perspective plan view of a rotor according to the present 
invention in accordance with a third embodiment; 

[0027] FIG. 5 is a schematic perspective plan view of a rotor according to the present 
invention in accordance with a fourth embodiment; 

[0028] FIG. 6 is a schematic perspective view of a blade-connector region of a rotor 
blade of a rotor according to the present invention in accordance with a fifth embodiment; 

[0029] FIG. 7 is a schematic perspective plan view of the rotor according to the present 
invention in accordance with the fifth embodiment; 

[0030] FIG. 8 is a schematic perspective plan view of a rotor according to the present 
invention in accordance with a sixth embodiment; 

[0031] FIG. 9 is a schematic plan view of a rotor according to the present invention in 
accordance with a seventh embodiment; 

[0032] FIG. 10 is a schematic plan view of a rotor according to the present invention in 
accordance with an eighth embodiment; 

[0033] FIG. 1 1 is a schematic plan view of a rotor according to the present invention in 
accordance with a ninth embodiment; 

[0034] FIG. 12 is a schematic plan view of a rotor according to the present invention in 
accordance with a tenth embodiment; 

[0035] FIG. 13 is a schematic plan view of a rotor according to the present invention in 
accordance with an eleventh embodiment; 
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[0036] FIG. 14 is a schematic perspective view of a substantial region of a rotor blade of 
a bearingless rotor in accordance with the existing art. 

DESCRIPTION OF PREFERRED EXEMPLIFYING EMBODIMENTS 

[0037] In the description that follows and in the Figures, in order to avoid repetition, 
identical constituents and components are be labeled with identical reference characters 
provided no further differentiation is necessary. 

[0038] FIG. 1 is a schematic perspective plan view of a hingeless rotor according to the 
present invention in accordance with a first embodiment. The rotor encompasses a rotor head 
2 having a plate-shaped, four-armed rotor star 4, flexurally soft in the flapwise direction, that 
engages nonrotatably on a rotor mast 6 and serves as a torque-transmission element, as well 
as four similarly configured rotor blades Bl, B2, B3, B4. For the sake of clarity, the lift- 
generating regions of the rotor blades are not depicted in the drawing. The rotor blades are 
fabricated substantially from fiber composite material. Each two rotor blades Bl, B3; B2, B4 
that constitute a rotor blade pair are located at a 180-degree offset from one another. The two 
rotor blade pairs thus formed are in turn disposed at a 90-degree offset from one another. 
Each rotor blade possesses, for example, a blade neck 8 having flexurally soft, flexurally 
elastic blade-neck portions. Rotor blades Bl, B2, B3, B4 are connected, in the region of their 
blade-neck portions, nonrotatably to rotor star 4 via rotor star 4 [sic]. The rotor blades are 
furthermore joined to one another in a manner to be described in further detail below. 

[0039] FIG. 2 is a schematic, greatly simplified side view of the rotor of FIG. 1. For the 
sake of simplicity, only a single rotor blade Bl is depicted in this drawing. The explanations 
that follow also apply analogously, however, to the other rotor blades. As is evident from 
FIG. 2, there are provided, in a blade-connector region of blade neck 8 of rotor blade Bl, two 
respective auxiliary flapping hinges HI, H2 that are spaced apart from one another in, or 
predominantly in, the radial direction with reference to rotor radius R of the rotor, i.e. in the 
longitudinal direction of rotor blade Bl. Auxiliary flapping hinges HI, H2 thus support blade 
neck 8 in articulated or apparently articulated fashion at two locations spaced apart from one 
another in the radial direction of the rotor. The result is a kind of two-point bearing. Between 
these two auxiliary flapping hinges HI, H2, blade neck 8 is deformable in flexurally elastic 
and curved fashion in the context of a flapwise motion of rotor blade Bl. The deflection of 
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rotor blade Bl and the flexion of blade neck 8 are indicated by a dashed line. As a result of 
this configuration, rotor blade Bl behaves in its totality, in the context of a flapwise motion, 
as if its flapping hinge were apparently located exacdy on rotor axis A. The (apparent) 
flapping hinge distance DS of this virtual flapping hinge is thus zero (DS = 0). In the Figures 
that follow, auxiliary hinges HI, HI [sic] are for the most part always indicated only for a 
single rotor blade, for better clarity. The disposition of the auxiliary hinges for the other rotor 
blades is analogous. 

[0040] FIG. 2a sketches, as a comparison and by analogy with the depiction of FIG. 2, a 
case in which the (apparent) flapping hinge distance DS is negative, i.e. less than zero (DS < 
0). Fig. 2b in turn sketches, by analogy with the depiction of FIG. 2, a case in which the 
(apparent) flapping hinge distance is greater than zero (DS > 0) but is still very small, i.e. 
located very close to rotor mast 6, as compared with conventional hingeless rotors. 

[0041] Looking from above or below at the rotor-disc plane of the rotor shown in FIG. 1, 
it is particularly clearly evident that the blade-connector region of a respective rotor blade Bl, 
B2, B3, B4, containing the two auxiliary flapping hinges HI, H2 and the virtual flapping 
hinge located therebetween, is embodied in the form of a blade-connector fork 10 having two 
(or even more) narrow strip- or plate-shaped connector arms 12, 14 that function, inter alia, 
as tension straps. These two connector arms 12, 14, spaced apart from one another in the 
tangential direction with reference to the rotor disc and in the depth direction of the rotor 
blade profile with reference to the respective rotor blade Bl, B2, B3, B4, extend substantially 
in the longitudinal direction of the rotor blade and substantially parallel to one another 
laterally to the left and right alongside rotor mast 6 or rotor axis A, continuing past it in the 
radial direction. Rotor axis A thus extends between the two connector arms 12, 14. In this 
example, connector arms 12, 14 possess less flexural stiffness, or a lower geometrical 
moment of inertia, in the flapwise direction of the rotor blade than in the lead-lag direction. 

[0042] Each two mutually oppositely located rotor blades Bl, B3; B2, B4 of a rotor blade 
pair are joined to one another in the longitudinal direction via their blade-connector forks 10, 
i.e. their connector arms 12, 14. Connector arms 12, 14 overlap in their longitudinal direction 
at least in a subregion, i.e. in the present case substantially over their entire length. Each two 
connector arms 12, 14 of the respective rotor blades extend one above another. As a result of 
this disposition and the mutual joining, connector arms 12, 14 of the one respective rotor 
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blade (e.g. Bl) receive the centrifugal forces of the other respective rotor blade (e.g. B3), and 
the centrifugal forces are directed past rotor mast 6. Ideally, therefore, the centrifugal forces 
of rotor blades Bl, B2, B3, B4 have no effect on the configuration of the mast attachment of 
rotor blades Bl, B2, B3, B4. 

[0043] As is also evident from FIG. 1, connector arms 12, 14 of the first rotor blade pair 
furthermore overlap or cross over connector arms 12, 14 of the second rotor blade pair. As a 
result, four connector arms, i.e. one connector arm of each rotor blade Bl, B2, B3, B4, lie one 
above another in the resulting crossover region 16. At crossover region 16, connector arms 
12, 14 are joined both to one another and to rotor star 4. The join is made, in this example, 
with a one bolt 18 in each case that extends, approximately parallel to rotor axis A, through 
rotor star 4 and through the respective connector arms 12, 14. For the rotor shown in FIG. 1, 
four bolts 18 are thus required in order to join rotor blades Bl, B2, B3, B4, via their 
connector arms 12, 14, to one another and to rotor star 4. 

[0044] This assemblage possesses multifunctional properties, as will become evident 
from the explanations that follow. 

[0045] Each crossover region 16 of connector arms 12, 14, which are flexurally elastic 
and flexurally soft in the flapwise direction, forms, together with bolts 18, an auxiliary 
flapping hinge HI, H2 between the arms of rotor star 4. One auxiliary flapping hinge HI, H2 
is thus located in each overlap region or crossover region 16 of connector arms 12, 14 of 
rotor blades Bl, B2, B3, B4. Two auxiliary flapping hinges HI, H2 spaced apart from one 
another in the longitudinal direction of rotor blade Bl, B2, B3, B4 are thus also created for 
each rotor blade Bl, B2, B3, B4. Because blade-connector fork 10 of the respective rotor 
blade Bl, B2, B3, B4 has two connector arms 12, 14, each auxiliary flapping hinge HI, H2 
has two hinge regions Hla, H21b; H2a, H2b located laterally next to one another, and, for 
each connector arm 12, 14, two bolts 18 spaced apart from one another in the radial direction 
and two spaced apart from one another in a tangential direction. The two connector arms 12, 
14 can deform or deflect between the two radially spaced-apart bolts 18 when the blade (in 
this case e.g. Bl) is loaded in the flapwise direction. In this context, the arms of rotor star 4 
can likewise participate in a certain deformation. All this results in an additional softness that 
in turn results in a smaller flapping hinge distance. 
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[0046] In FIG. 1, references characters HI and H2 apply only to the auxiliary flapping 
hinges of rotor blade Bl. The statements above are applicable analogously to the other rotor 
blades B2, B3, B4. Because of this configuration and the previously explained disposition of 
rotor blades Bl, B2 3 B3 3 B4, each rotor blade pair, comprising two rotor blades Bl, B3; B2, 
B4 opposite one another, possesses two common auxiliary flapping hinges HI, H2 and, so to 
speak, one common virtual flapping hinge. 

[0047] Because the rotor encompasses two rotor blade pairs in the present case, all the 
rotor blade pairs Bl, B2, B3, B4 moreover possess common auxiliary flapping hinges HI, H2 
that are located in a common blade-neck joining region, namely in the respective crossover 
region 16. Because of the flexural softness of connector arms 12, 14 and of rotor star 4, these 
crossover regions 16 can also follow to a large extent the flexion of connector arms 12, 14 
without thereby resulting in too large a discontinuity in the flexion line. To allow connector 
arms 12, 14, in the context of a flapping motion, also to deflect elastically even more easily in 
the crossover region or beyond it, it is possible, for example, to provide, in the region of bolt 
18, convex contact surfaces on connector arms 12, 14 and/or on rotor star 4, or to make 
available corresponding intermediate elements. The latter disposition is recommended if, for 
example, rotor star 4 is embodied to be relatively stiff in the flapwise direction. 

[0048] As already briefly alluded to above, each rotor blade B 1 , B2, B3, B4 is joined 
nonrotatably to rotor mast 6, in the region of the two auxiliary flapping hinges HI, H2, via 
rotor star 4 and bolts 18. Bolts 18 of auxiliary flapping hinge HI, H2, together with the rotor 
star, consequently also serve simultaneously as torque-transmission elements. These torque- 
transmission elements engage on a portion of rotor blades Bl, B2, B3, B4 at which multiple 
connector arms 12, 14 overlap and in which at least one of auxiliary flapping hinges HI, H2 
is located. 

[0049] As indicated by the reference character 20 in FIG. 1, blade neck 8 furthermore 
possesses a further flexurally soft, flapwise-soft blade neck portion 20 in a region that is 
adjacent, with reference to rotor radius R and the longitudinal direction of rotor blade Bl, B2, 
B3, B4, to the radially outer of the two auxiliary flapping hinges HI, H2 in the direction 
toward the rotor-blade tip (not shown). This portion 20 additionally improves the flexural and 
deformation properties of connector arms 12, 14 in the context of a flapwise motion. 



10 



[5015.1018] 



[0050] It should furthermore be emphasized that with the design according to the present 
invention, the two auxiliary flapping hinges HI, H2, or parts thereof, function as centrifugal- 
force-discharge elements. For example, bolts 18 of auxiliary flapping hinges HI, H2 of a 
respective rotor blade Bl, B2, B3 B4 form, for each connector arm 12, 14, two centrifugal- 
force-discharge elements disposed one behind another and spaced apart from one another in 
the longitudinal direction of the blade (or the centrifugal- force direction). During continuous 
operation of the rotor, at least one of these bolts 18 receives the centrifugal forces occurring 
in rotor blade Bl, B2, B3, B4 and introduces them into the respective connector arm 12, 14. 
Each centrifugal- force segment, i.e. each connector arm 12, 14 of the blade connector, is 
therefore doubly mounted and retained in the centrifugal- force direction by two bolts 18 in 
each case. It is entirely sufficient in this context, but of course not absolutely necessary, for 
one of the two bolts 18 or bearings to receive the centrifugal force. If the first, radially outer 
bolt 18 performs this task, the region between the two auxiliary flapping hinges HI, H2 is 
then centrifugal-force-free during continuous operation of the rotor, thus increasing the 
deflection of this region and the flapwise softness. This construction offers an advantageous 
redundancy, since in the event of failure of one of the two bolts 18, the centrifugal force can 
then still be received by the second bolt 18. 

[0051] It must furthermore be kept in mind that in the rotor according to the present 
invention, a single rotor blade Bl, B2, B3, B4 is held and retained by a total of four bearing 
points or bolts 18, since the respective rotor blade Bl, B2, B3, B4 possesses, because of 
blade-connector fork 10, two connector arms 12, 14 each having two bearing points or bolts 
18. This is significant in particular in terms of improved safety in the lead-lag direction. 
Specifically, if one of the four bolts 18 fails, the respective rotor blade Bl, B2, B3, B4 
continues to be held in moment-fixed fashion in the lead-lag direction, and can still transfer 
torque from rotor mast 6 and rotor star 4. The influence of a bolt failure on flight mechanics 
is consequendy not so severe as in conventional designs according to the existing art (see 
FIG. 14), in which, if one of two bolts fails, the rotor blade is then no longer mounted in 
moment-fixed in the lead-lag direction but is rotatable. Overall, therefore, it is possible with 
the rotor according to the present invention to implement, in comparatively simple and 
effective fashion, a fail-safe design that offers excellent safety. 

[0052] Because rotor blades Bl, B2, B3, B4 are joined to one another in the region of 
their auxiliary flapping hinges HI, H2, a respective auxiliary flapping hinge HI, H2 - or a 
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part thereof (Le. a bolt 18) - of a respective rotor blade (e.g. Bl) simultaneously also 
constitutes a centrifugal-force-discharge element for at least one respectively other rotor 
blade (e.g. B3). The number of components required for the rotor is thereby considerably 
reduced. 

[0053] Connector arms 12, 14 of a respective rotor blade Bl, B2, B3, B4 transition 
outward in the radial direction into a wide, plate-like, trapezoidal base portion 22 that, when 
viewed in plan, tapers radially outward and terminates in a strip-shaped, distal (i.e. facing 
away from the rotor mast) blade-neck region 24 adjoining which is the actual lift-generating 
profiled region of rotor blade Bl, B2, B3, B4. Both connector arms 12, 14 and base portion 
22, and the strip-shaped blade-neck region 24, are torsionally soft, so that a torsionally soft 
blade neck for bearingless blade angle adjustment can be implemented in simple fashion. 
These blade-neck regions, which per se are relatively flat in configuration, can moreover 
quite easily be enclosed or configured in aerodynamically favorable fashion. This 
configuration, and the fact that the two connector arms 12, 14 of a respective rotor blade Bl, 
B2, B3, B4 are guided laterally past rotor axis A or rotor mast 6, and also, consequently, that 
bolts 18 are spaced relatively far apart from one another in the tangential direction with 
reference to the rotor disc, yields further advantages. 

[0054] What results from this construction is a rotor-blade connector having a high lead- 
lag stiffness as compared with conventional rotors. In this context, connector arms 12, 14 
which warp slightly in elastic fashion in the context of a lead-lag motion in the lead-lag 
direction, as well as bolts 1 8 and, if applicable, the arms of rotor star 4 as well (which can 
likewise warp slightly in elastic fashion), assume the function of a lead-lag hinge. The lead- 
lag torque is transferred via bolts 18, which form a wide support base and are thus only 
lightly loaded. 

[0055] It is further evident from FIG. 1 that the two connector arms 12, 14 of a respective 
rotor blade Bl, B2, B3, B4 are bent upward and downward several times, so that the two 
connector arms 12, 14, or substantial portions thereof, extend in different planes. Connector 
arms 12, 14 have downwardly bent or downwardly stepped free ends. With the disposition 
depicted in the drawing, what therefore results when rotor blades Bl, B2, B3, B4 are in the 
installed state is an interleaving of their connector arms 12, 14, leading to a very low overall 
physical height for rotor head 2. The interleaving is selected so that rotor blades Bl, B2, B3, 
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B4 lie in a common rotor plane or rotor-blade plane. Taking into account the features already 
explained above, it is thus possible to implement a bearingless and hingeless rotor having a 
virtual flapping hinge, a stiff lead-lag hinge, and a torsionally soft blade neck for bearingless 
blade angle adjustment. 

[0056] In principle, however, the two connector arms 12, 14 of a respective rotor blade 
Bl, B2, B3, B4 can also lie in a common plane, or in a common plane with the base portion 
and the strip-shaped blade-neck region. An embodiment of this kind is shown in FIG. 3, 
which is a schematic, perspective plan view of a rotor according to the present invention in 
accordance with a second embodiment. Here, for each rotor blade Bl, B2, B3, B4, the free 
end of one connector arm 12, 14 is bent or stepped upward, and that of the other one 
downward. 

[0057] FIG. 4 is a schematic, perspective plan view of a rotor according to the present 
invention in accordance with a third embodiment. This variant is largely similar to that of 
FIG. 1, but the free ends of connector arms 12, 14 of a rotor blade Bl, B2, B3, B4 are each 
embodied in the form of a fork terminal 26. With the rotor in the assembled state, fork 
terminal 26 is located in the region of an auxiliary flapping hinge HI, HI [sic] and is joined 
to a strip-shaped region, located in the vicinity of base portion 22, of a connector arm 12, 14 
of a respectively adjacent rotor blade. Fork terminals 26 make it possible to achieve greater 
retention strength in the joining points located at auxiliary flapping hinges HI, H2, and easier 
positionability during the assembly of rotor blades Bl, B2, B3, B4. 

[0058] FIG. 5 is a schematic, perspective plan view of a rotor according to the present 
invention in accordance with a fourth embodiment. This variant is similar to that of FIG. 4, 
but the rotor here is one having an odd number of rotor blades, i.e. in the present case five 
rotor blades Bl to B5. Although here rotor blades Bl to B5 are not located exactly oppositely 
in respective pairs at a 180-degree angle, a particular rotor blade can still discharge 
centrifugal force components of the rotor blades located respectively opposite at an acute 
angle. 

[0059] FIG. 6 depicts, in a schematic perspective view, a blade-connector region of a 
rotor blade Bl of a rotor according to the present invention in accordance with a fifth 
embodiment. FIG. 7 is a schematic perspective plan view of the rotor according to the present 
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invention in accordance with the fifth embodiment. As is apparent in particular from FIG. 6, 
in rotor blades Bl, B2, B3, B4 of this rotor, one of the two connector arms 12, 14 is divided 
into two connector arm segments 14a, 14b, located one above another, that extend at a 
distance from one another. Connector arm segments 14a, 14b are thus, so to speak, layered 
one above another. The free ends of connector arm segments 14a, 14b are bent or stepped 
upward and downward, and together form a kind of connector claw 28. The free end of the 
other, undivided connector arm 12 is once again configured in the form of a fork terminal 26. 

[0060] With the rotor blades in the assembled state (see FIG. 7), of a first rotor blade pair, 
one respective fork terminal 26 of a rotor blade Bl, B2, B3, B4 engages in the longitudinal 
direction between the connector arm segments 14a, 14b, located one above another, of the 
rotor blade located exactly opposite; of the rotor blades of the second rotor blade pair offset 
90 degrees, a strip-shaped arm portion of the undivided connector arm 12 extends through 
fork terminal 26 located between connector arm segments 14a, 14b; and connector claw 28 of 
connector arm 14 (which possesses two connector arm segments 14a, 14b) located opposite 
that arm portion engages above the upper and lower connector segment of the rotor blade of 
the first rotor blade pair. This disposition is identical at all the auxiliary flapping hinges HI, 
H2. 

[0061] The variant described above provides for better symmetry of the rotor-blade 
connectors, and reduces the connection stiffness and therefore the flapwise stiffness of the 
particular rotor blade. This is conditioned primarily by the overall lower flexural stiffness of 
the individual connector arm segments 14a, 14b in the flapwise direction, as well as the lower 
overall flexural stiffness, resulting therefrom, of connector arm 14. As compared therewith, 
an undivided connector arm possesses a far higher flexural stiffness. 

[0062] FIG. 8 is a schematic perspective plan view of a rotor according to the present 
invention in accordance with a sixth embodiment. This variant is largely similar to those of 
FIGS. 1, 4, and 7. As is clearly apparent from the drawing according to FIG. 8, however, here 
the connector arms 12, 14 of the mutually oppositely located rotor blades Bl, B3; B2, B4 of a 
rotor-blade pair are disposed in offset fashion alongside one another. There are therefore 
always only two connector arms 12, 14 located one above another in a respective crossover 
region or overlap region 16 of connector arms 12, 14 of all the rotor blades Bl, B2, B3, B4. 
A further result of this design is that a total of eight bearing points or bolts 18 are necessary 
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in order to join all the connector arms 12, 14 to one another and to rotor star 4, and to 
transmit torque from rotor star 4 to rotor blades Bl, B2, B3, B4. With this variant, 
furthermore, one connector arm 12 lies in the same plane with the trapezoidal base portion 22 
and the distal strip-shaped blade-neck region 24. The other connector arm 14 is bent or 
stepped downward (upward is also possible) with respect to that plane in several portions. 
The advantage of this embodiment is a lower overall height in the overlap region or crossover 
region 16, as well as a greater flexural softness resulting therefrom, i.e. a softer flapping 
behavior, of rotor blades Bl, B2, B3, B4. 

[0063] FIG. 9 is a schematic perspective plan view of a rotor according to the present 
invention in accordance with a seventh embodiment. In this variant, in which each two rotor 
blades Bl, B3; B2, B4 are located exactly opposite one another at a 180-degree offset, the 
respective connector arms 12, 14 of these rotor blades Bl, B2, B3, B4 are embodied 
continuously, i.e. with no interruption. As a result, the centrifugal-force segment formed by 
connector arms 12, 14 is likewise continuous. This has the advantage that the considerable 
centrifugal forces of a rotor blade (e.g. Bl) can be transferred directly by the oppositely 
located rotor blade (e.g. B3). At the same time, the respective rotor blade pair Bl, B3; B2, B4 
possesses two common auxiliary flapping hinges HI, H2 and a common or different virtual 
lead-lag-hinge. 

[0064] The flapwise-soft connection of rotor blades Bl, B2, B3, B4 is then in turn 
produced by the fact that connector arms 12, 14 can once again deflect between auxiliary 
flapping hinges HI, H2. This results in a greater softness in the connection region. This 
design is moreover very flat. As compared with the examples explained earlier, the mounting 
points of rotor star 4 engage not directly at auxiliary flapping hinges HI, H2, but rather at a 
position rotated 45 degrees therefrom. That position is located in each case in a central 
portion of a segment of the relevant connector arm 12, 14 of a respective rotor blade pair Bl, 
B3; B2, B4. 

[0065] FIG. 10 is a schematic perspective plan view of a rotor according to the present 
invention in accordance with an eighth embodiment. The rotor possesses four rotor blades 
Bl, B2, B3, B4. In this variant, each rotor blade does not have a blade-connector fork having 
at least two connector arms, but rather has only a single blade-connector arm 30. This arm is, 
in this case, embodied in flexurally soft fashion in both the flapwise and the lead-lag 
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direction. As is clearly evident from the drawing, the single blade-connector arm 30 of a 
respective rotor blade Bl, B2, B3, B4 extends alongside rotor axis A and past it. At an end 
region, the single blade-connector arm 30 of a rotor blade Bl, B2, B3, B4 is joined in each 
case to an intermediate portion 32 of a blade-connector arm 30 of a respectively adjacent, 
similarly configured rotor blade Bl, B2, B3, B4. This is accomplished, as in the previous 
examples, with one bolt 1 8 in each case. The portions of the respective single blade- 
connector arms 30 located between bolts 18 form a rectangle around rotor axis A or rotor 
mast 6. 

[0066] What is produced on the basis of the configuration described above is, for each 
rotor blade Bl, B2, B3, B4, two mounting points spaced apart from one another in the 
longitudinal direction of the rotor blade. These mounting points, at which the arms of rotor 
star 4 also engage, each represent two auxiliary flapping hinges HI, H2, between which the 
virtual flapping hinge is disposed and between which blade neck 8 is deformable in flexurally 
elastic and curved fashion in the context of a flapwise motion. Because the respective single 
blade-connector arm 30 is also flexurally soft in the lead-lag direction, the two auxiliary 
flapping hinges HI, H2 of a respective rotor blade Bl, B2, B3, B4 at the same time also form 
two auxiliary lead-lag hinges, spaced apart from one another in the radial longitudinal 
direction of the rotor blade, between which a virtual lead-lag hinge is disposed and between 
which blade neck 8 is deformable in flexurally elastic and curved fashion in the context of a 
lead- lag motion of rotor blade Bl, B2, B3, B4. 

[0067] Bolts 18 at the joining points of rotor blades Bl, B2, B3, B4 here serve 
simultaneously as rotary articulation points that facilitate flexion of the relevant single blade- 
connector arm 30 in the flapwise direction. A lead-lag-pivoted rotor blade is indicated by a 
dashed line in FIG. 10. In contrast to the embodiments described previously, this rotor is 
lead-lag-soft and therefore less suitable for tiltrotor helicopters. 

[0068] FIG. 1 1 shows, in a schematic top view, a rotor according to the present invention 
in accordance with a ninth embodiment. This variant corresponds substantially to that of FIG. 
10, but is embodied as a three-blade rotor. The portions of the respective single blade- 
connector arms 30 located between bolts 18 form an equilateral triangle around rotor axis A 
or the rotor mast. 
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[0069] FIGS. 12 and 13 show schematic plan views of a rotor according to the present 
invention in accordance with a tenth and an eleventh embodiment. The variant corresponds 
substantially to that of FIGS. 10 and 11, but is configured as a two-blade rotor. This requires, 
for example, two additional transverse joining elements 34 (see FIG. 12), joining the single 
blade-connector arms 30 to one another, for nonrotatable attachment of rotor blades Bl, B2 
to rotor mast 6, or one or more rotor-head plates 36 (see FIG. 13) located one above another 
and having suitable mounting points spaced apart from one another. 

[0070] The rotors according to the present invention described in the exemplifying 
embodiments above are preferably used in a rotorcraft, in particular in a helicopter, having 
one or more rotors. The variants according to FIGS. 1 and 3 through 10 are particularly 
suitable, because of their high lead-lag stiffhess, for tiltrotor helicopters or tiltrotor aircraft. 

[0071] The invention is not limited to the exemplifying embodiments above, which serve 
merely for general explanation of the central concept of the invention. To the contrary, within 
the scope of protection the rotor according to the present invention can also assume forms of 
embodiment different from those described concretely above. The rotor can, in particular, 
exhibit features that represent a combination of the features of the embodiments described. 
Although only multiple-blade rotors were discussed in the exemplifying embodiments, the 
principle according to the present invention is also applicable to single-blade rotors or to 
rotors having 1 to n (1 ... n) rotor blades. Moreover, the virtual flapping and lead-lag hinge[s] 
can coincide in a rotor according to the present invention. The auxiliary flapping hinges can 
also be embodied as three-dimensional hinges that can comprise real and/or virtual hinges. 

[0072] In the rotor according to the present invention the rotor mast can also, depending 
on the particular rotor head configuration and the particular rotor mast attachment, end in the 
axial direction below the rotor-blade plane or below the connector arms. The connector arms 
can then, however, still extend alongside the rotor axis or around it. It is also conceivable for 
purposes of the invention to configure base portion 22 to be very narrow, and to have the 
connector arms extend next to one another at a very small lateral distance. It is furthermore 
possible to equip a region between the connector arms with a soft, elastic intermediate filling, 
e.g. an elastic foam or the like, that does not interfere with deformation of the connector arms 
and can additionally perform enclosing, supporting, and/or stiffening functions. 
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[0073] It is also possible in principle to use, instead of the bolts, a different suitable 
joining means or centrifugal- force-discharging element, for example an integral join between 
the respective connector arms and/or the rotor star or the rotor-head plate, or a rotor-blade 
connector loop looped around the rotor mast and/or around a rotor-head plate. The loop can 
be implemented particularly easily by the fact that the two connector arms of the blade- 
connector fork are, for example, brought together behind the rotor mast into a loop, and 
joined integrally to one another. 

[0074] In the examples above, the bolts disposed in the region of the auxiliary flapping 
hinges perform a multiple function. In particular, in combination with the respectively 
overlapping or crossing-over blade-connector regions, they form the auxiliary flapping hinges 
and at the same time receive the centrifugal forces acting on the rotor blades. It is possible, 
however, to separate these individual functions. It is conceivable, for example, for a 
respective auxiliary flapping hinge to be configured in centrifugal-force-free and boltless 
fashion, and to be constituted by a support device, supporting the blade neck, in coaction with 
the flexurally soft connector arms. Supporting elements or clamping elements on the upper 
and lower side of the blade neck can serve, for example, as the support device. These 
elements can be configured, for example, in the form of support rollers, convex supporting- 
mount elements, elastic clamping elements, and the like. An auxiliary flapping hinge of this 
kind cannot receive centrifugal forces. Those forces can be, however, compensated for e.g. 
by way of a bolt that acts only in centrifugal-force-discharging fashion but no longer 
performs any functions of the auxiliary flapping hinge. It is possible in this context to dispose 
the bolt axis not vertically, but instead also horizontally or at an angle relative to the rotor- 
disc plane. 

[0075] Reference characters in the claims, the description, and the drawings serve merely 
for better comprehension of the invention, and are not intended to limit the scope of 
protection. 
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LIST OF REFERENCE CHARACTERS 

2 Rotor head 

4 Rotor star 

6 Rotor mast 

8 Flexurally soft and flapwise-soft blade neck 

10 Blade-connector fork 

12 Connector arm of 10 

1 4 Connector arm of 1 0 

1 4a Connector arm segment of 1 4 

14b Connector arm segment of 14 

1 6 Crossover region or overlap region 

18 Bolt 

20 Additional flexurally soft, flapwise-soft blade-neck region 

22 Base portion 

24 Distal blade-neck region 

26 Fork terminal 

28 Connector claw 

30 Single blade-connector arm 

32 Intermediate portion of 30 

34 Transverse joining element 

36 Rotor-head plate(s) 

142 Structural element 

144 Rotor-head-side blade connector 

146 Blade neck 

148 Bolt 

150 Control bag 

A Rotor axis 

Bl Rotor blade 

B2 Rotor blade 

B3 Rotor blade 

B4 Rotor blade 
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B5 


Rotor blade 


HI 


Auxiliary flapping hinge 


Hla 


Hinge region of HI 


H2b 


Hinge region of HI 


H2 


Auxiliary flapping hinge 


H2a 


Hinge region of HI 


H2b 


Hinge region of HI 


DS 


Apparent flapping hinge distance 


R 


Rotor radius 



